Background Patients undergoing bariatric surgery do not seem to increase objectively measured physical activity (PA) after surgery, despite substantial weight loss. The aims of the present study were (i) to objectively characterize 3 months pre-surgery to 9 months postsurgery PA and sedentary behavior changes in women undergoing Roux-en-Y gastric bypass (RYGB) using tri-axial accelerometers and (ii) to examine associations between pre-surgery versus postsurgery PA and sedentary behavior with anthropometric measures taken in home environment.
Introduction
Roux-en-Y gastric bypass (RYGB) surgery results in longterm sustained weight loss, decrease of all-cause mortality, improvement of traditional cardiovascular risk factors, and remission of the majority of type 2 diabetes cases, as well as improved health-related quality of life among most patients [1] . Although great weight loss is achieved after RYGB, adequate physical activity (PA) postsurgery is of importance, as obtaining adequate PA may be more important for all-cause and cardiovascular mortality than avoiding obesity [2] . Thus, increased PA may provide health benefits independent of BMI. PA also minimizes the loss of fat-free mass (FFM) after bariatric surgery [3] which is of importance, as loss of FFM is associated with muscle fatigue and increased all-cause mortality [3, 4] .
A substantial increase in PA is required to maintain a lower weight in previously obese adults [5] while the contribution of PA to weight result postbariatric surgery remains unclear with conflicting results from several studies [6, 7] . The vast majority of bariatric surgery candidates are insufficiently physically active [8] and fail to increase objectively measured PA postsurgery despite substantial weight loss [9, 10] .
Subjective PA measures are susceptible to overreporting, especially among obese individuals [11] . Furthermore, sedentary behavior [12] and PA through activities of daily living (e.g., housework) have been shown to be more difficult to accurately recall compared to planned exercise [13] . This is of concern as PA among bariatric surgery candidates mostly derives from daily living and not planned exercise [14] . In order to obtain accurate data and capture different levels of PA that may affect health outcomes differently, objective measurements (e.g., accelerometers) of PA are recommended [15] .
The aims of the present study were to (i) characterize 3 months pre-surgery to 9 months postsurgery changes, thus limiting seasonal effects, in PA and sedentary behavior in women undergoing RYGB using tri-axial accelerometers and (ii) to examine the associations between pre-surgery versus postsurgery PA and sedentary behavior with different anthropometric measures.
Methods

Participants
Sixty-nine women between the ages of 28 and 52 years, who had not previously undergone bariatric surgery, were recruited from RYGB-surgery waiting lists at five Swedish hospitals: Danderyd Hospital, Ersta Hospital, Uppsala University Hospital, Örebro University Hospital, and St. Görans Hospital. None of the participating hospitals conveyed specific pre-or postsurgery recommendations on PA. All participants underwent RYGB surgery between June 2012 and January 2013. Patients with any comorbid disease that had an impact on the patient's ability to perform physical activity were not included in the study. A research visit was made by two researchers in the participants' home environment 3 months pre-surgery and 9 months postsurgery in order to limit seasonal effects. All participating hospitals had ethical committee approval, and all participants provided informed consent.
Physical Activity Assessment PA was measured using the Actigraph GT3X+ monitor (Pensacola, FL), a valid tool for estimating free-living PA [16] . We analyzed vector magnitude (V m ) activity counts, calculated as the square root of the sum of the three axes.
Of 69 participants, 56 wore the accelerometer pre-and postsurgery while 13 of the participants failed to wear the monitor at either or both occasions for unknown reasons. Participants were asked to wear the monitor at their right hip all waking hours for seven consecutive days. The number of high-intensity minutes occurring in bouts of ≥10 min was computed via an algorithm by Choi et al. [17] while nonwear time was defined as 60 min of consecutive zeros, allowing for 2 min of non-zero interruptions [18] . Bouts and wear time was computed using R packages "Physical Activity" and "Accelerometry". All women with at least ≥10 h/day of monitor wear time for ≥3 days at both the pre-and postsurgery assessments were included in the analysis [10] . Cutoffs to classify PA intensities were based on work of Santos-Lozano et al. [19] and Hanggi et al. [20] . Time spent sedentary was defined as all minutes showing less than 100 counts per minute (cpm) [20] , light physical activity (LPA) as 101-3,207 cpm [19] , and moderate to vigorous PA (MVPA) as number of minutes showing more than 3,208 cpm.
Anthropometrics
Anthropometric measures were taken in the participants' home environment using standardized protocols. Information on comorbidities, surgical procedures, and BMI at surgery were collected from medical records. BMI was calculated as the weight in kilograms divided by the height in meters squared. FFM and fat mass (FM) were derived from resistance measured with bioelectric impedance analysis (BIA) (Quantum II, RJL Systems, Clinton Township, MI, USA) and were calculated using an equation by Kyle et al. [21] , which has shown to be an accurate method for estimating fat change in severely obese individuals undergoing bariatric surgery [22] .
Statistical Analysis
All analyses were conducted using the STATA 12.1 (STATA Corp., College Station, TX, USA) software. Linear regression was used to estimate the associations between PA and anthropometric measures pre-and postsurgery in both Tables 2 and 3 . Furthermore, we created difference variables (postsurgery minus presurgery) for PA and anthropometric measures (Table 4) which enabled us to control for all effects that are constant (e.g., socioeconomic and genetic factors) from pre-to postsurgery (fixed effects regression). All regression models were adjusted for education and age and, where appropriate, also for pre-surgery BMI. To account for slight deviations from normal distribution, we used robust standard errors to estimate confidence intervals. P values in Table 1 for continuous variables and dichotomous variables were calculated with paired t tests and McNemar's tests, respectively.
Results
Descriptive Statistics
Descriptive characteristics of women undergoing RYGB are presented in Table 1 . There were no significant differences in descriptive characteristics between women who completed both accelerometer measurements (n=56) and women who failed to complete the measurements at any time point (n=13). Mean BMI at surgery, 3 months after the pre-surgery measurements, was 37.6 (SD 2.6), and 12.5 % (n=7) of the participants had postsecondary education. Mean time interval between pre-and postsurgery assessments was 12.8 months (SD 2.3).
Change in Physical Activity
No significant differences were observed in objectively measured differences in MVPA, MVPA 10-min bouts, LPA, or time spent sedentary from 3 months pre-surgery to 9 months postsurgery in women undergoing RYGB (Table 1) . However, pre-surgery PA showed negative association with PA change (Table 3 ) and positive association with postsurgery PA (Table 2 ) across all PA intensities. Adjusting for pre-surgery BMI had no impact on the associations. Women with higher pre-surgery PA decreased their PA postsurgery while women with lower PA increased their PA (Fig. 1b) . However, women with higher pre-surgery PA still had higher PA scores after surgery, compared to women with lower pre-surgery PA. In addition to pre-surgery PA, pre-surgery BMI and FM were positively associated with postsurgery sedentary behavior (Table 2 ). There was a large variation in pre-and postsurgery BMI and PA, as well as their differences, as illustrated in Fig. 1 . For example, pre-and postsurgery MVPA ranged from 5.3 to 93.7 min/day and 2.6 to 124.7 min/day, respectively. In a regression model, presurgery BMI explained approximately 22 % (R 2 ) of the variation of the BMI change (Fig. 1a) , and pre-surgery MVPA explained approximately 11 % of the change in MVPA (Fig. 1b) . Pre-surgery, 14.2 % of the participants met the recommendations in national PA guidelines, accumulating ≥150 min/week MVPA in 10-min bouts [23] , whereas corresponding figure was 16.1 % postsurgery. Furthermore, depending on the PA parameter, 46.4 to 58.9 % of the participants decreased their PA, and 51.8 % increased sedentary behavior from pre-to postsurgery.
Sensitivity Analyses
We conducted sensitivity analyses for all regressions presented in Tables 2, 3 , and 4 on participants who at least wore the GT3X+ for ≥10 h/day and ≥4 days at both the preand postsurgery assessments (n=52), and the results were similar to those presented. In addition to using robust variance, we also ran robust regression models (STATA command rreg) to see whether some outliers (Fig. 1a, b) had any impact on the results, but the results remained stable and did not change any conclusions. 
Discussion
The present study examined pre-to postsurgery changes in objectively measured PA, performed at different intensities and in bouts, in 56 women undergoing RYGB. Our findings suggest that there were no significant differences in MVPA, MVPA in 10-min bouts, LPA, or time spent sedentary from 3 months pre-surgery to 9 months postsurgery in women undergoing RYGB, despite substantial weight loss. However, women with higher pre-surgery PA decreased their PA postsurgery while women with lower PA increased their PA. Previous studies, assessing pre-to postbariatric surgery changes in objectively measured PA, use pedometers to assess PA and present high cadence minutes as a proxy measure of MVPA [10] or use accelerometers to assess PA in a small sample (n=20) 6 months postsurgery [9] . None of the studies take the seasonal variation in PA into account and lack measures on sedentary behavior, although there is a growing body of literature supporting the importance of reducing sedentary time for improving health outcomes and maintaining a healthy weight [24] .
Consistent with previous research [9, 10] , we were unable to detect significant pre-to postsurgery changes in any PA intensity. By contrast, subjectively measured PA has been reported to increase after bariatric surgery [7, 25] . A possible explanation for this discrepancy is that patients felt more active and over-report their PA postsurgery, because of improved functional capacity and health-related quality of life [7] .
In accordance with previous research [10] , we found that pre-surgery PA is a predictor for postsurgery PA and change in PA. Moreover, pre-surgery BMI and FM were positively associated with postsurgery sedentary behavior. Although causality is not verified, these findings highlight the importance of reaching adequate levels of PA and reducing BMI and FM pre-surgery. Approximately 14.2 % of women undergoing RYGB did meet the national PA recommendations presurgery which is higher compared to previous findings where [26] . These dissimilarities may be due to the different origin of the study populations. Recent data show that Swedish females on average have higher levels of PA compared to US females [27] . Furthermore, we found a non-significant trend towards an overall increase in MVPA 10-min bouts from pre-to postsurgery, indicating that participants may be able to perform work at higher intensities for longer sustained periods of time postsurgery. Calorie restriction and weight loss may have impact on and decrease PA, at least in non-obese individuals [28] . RYGB surgery enforces calorie restriction with postsurgery reductions in FFM, resting energy expenditure [3] , and amount of daily consumed calories [29] , which may contribute to lower total energy expenditure thereby increasing the risk of longterm weight regain [30] . Furthermore, whether a person is prone to engage in habitual PA is partly determined by genetic variation [31] . Collectively, these circumstances may at least partly explain why women undergoing RYGB fail to increase PA postsurgery despite substantial weight loss.
In order to improve health-and surgery-related outcomes, it is of importance to determine effective strategies to encourage bariatric surgery patients to increase and maintain adequate PA levels. Pre-surgery intervention, using selfmonitoring and goal setting may successfully increase objectively measured PA from pre-to postsurgery [32] . In addition, there are several compelling reasons for postsurgery PA counseling [6] . Thus, both pre-and postsurgery PA counseling is advocated. Our findings of pre-surgery PA as an important independent factor for postsurgery PA, in addition to data indicating that patients undergoing RYGB fail to increase PA from pre-to postsurgery, despite great weight loss, highlight the importance of pre-surgery interventions aiming to increase PA.
The major strength of the present study is its longitudinal design with standardized 3 months pre-surgery and 9 months postsurgery objective measurements of PA and anthropometrics. PA was measured with a high-quality tri-axial accelerometer, accurately estimating free-living PA, and the time frame between home visits limited possible seasonal differences in PA and sedentary behavior [33] . In addition, both the monitor Table 3 Linear regression of change in PA (outcome variable) from 3 months pre-surgery to 9 months postsurgery on pre-surgery predictors wear protocol and data processing protocol followed best practices [17, 34] . The accuracy of the accelerometer to measure different types of physical activities (e.g., weight lifting, bicycling) is unknown. However, research has shown that activity types are done with similar frequencies pre-and postbariatric surgery [10] . None of the patients had any postoperative complications that limited their ability to perform physical activity 9 months after surgery. Furthermore, all participants underwent the same surgical procedure (RYGB) with substantial weight loss postsurgery, whereas previous studies on objective measures of PA pre-and postbariatric surgery use data from different surgical techniques which may affect health outcomes and weight loss differently [35] . The major limitations are the relatively small sample size and the fact that participants were recruited from five hospitals with somewhat different pre-and postsurgery counseling regarding diet and PA, which may partially impact participants' pre-and postsurgery PA. Furthermore, discrepancies in hospitals' routines for identifying possible study participants made it unable to collect information on patients who declined to participate in the study. There are barely any data for cutoffs developed using tri-axial data [19] , and the GT3X + count thresholds to define MVPA, LPA, and sedentary behavior were derived from lean samples [19, 20] . Additionally, it cannot be excluded that accelerometers may have underreported activity postsurgery due to weight-related differences in gait dynamics or monitor tilting owing to excess adiposity [9] . Although this study was limited to women, we see no reason why the results should not be applicable to men as well.
In conclusion, the present study shows no significant differences in objectively measured changes in MVPA, MVPA in 10-min bouts, LPA, or time spent sedentary among women undergoing RYGB, from 3 months pre-surgery to 9 months postsurgery, despite substantial weight loss. However, there is great variability in change in PA which may be of clinical relevance given the hypothesis that increasing PA postsurgery may contribute to improvements of surgical outcomes [36] . Awareness should be raised as a large proportion of women undergoing RYGB decrease their PA from pre-to postsurgery. Additionally, most women undergoing RYGB are insufficiently active 9 months postsurgery in terms of obtaining benefits of regular PA and, in particular, for preventing weight regain [30] . Given that pre-surgery PA is independently and positively associated with postsurgery PA, and many patients fail to increase objectively measured PA from pre-to post-RYGB surgery, emphasis may be placed on increasing presurgery PA and maintaining PA pre-to postsurgery.
